EMpZ & Crops 2026 (3) : 132-140

DOI: 10.16035/.issn.1001-7283.2026.03.018

HIERHSRMLE RSN R RNAES N A

mEE BRT

AEE REER

N N

Ak HES BRA R W

(AR RN BLBE, 637000, PO)IEGHR)

W OE ARAEMRAFIEFG2 HHERGELM (R) , AR AN HIMNEITERME, @30z
HAAERIG, DMRKREBRRBIZ D ARG TI, METHEAGEATRLEZESPFNARER, FAHHZ

RARER Gl A NBEA BRI RS E S (R)

(NY18. ZS11. AGREV012. ZS4/W757) , 2 At

WA (R) [M417 (CV) F= ZS4///d A2/B94076//F 3 5 5o RAF LA ER TR IFL. FHAXRE

Fa it TR AR T 5 F R

KA HERGBE, S (R) ; RN, KRIKAR

M€ (Brassica napus L.) 128 Bl i K )Rk
TED), FERPAETEIAE 8000 hm? 75451, &3k H & H
GERYNE RN ST PR P Iy N i) S S Vi S
A VT I 38 9 S P A T AR o 4 T 9l SE R RE T AR
80%, 1ZHLXSMRIEIE . KEFEEE, ERIEWE
FE A BT, SR, 2% DX I SR R
[T ST SUN=INE =75 S U L) B B S
R PR FE AT it ol R 00 5 3R o R
A EBERCR, [FER S RR
—.o Pk, REMEEETE S C RO BOt S B
P EZEHbFZ —

T & 8 I AR FR T A AR AR X R A )
18, W8 AR ZURUAS E AR DASSGE AR 2R AU
e IR RE T, TR R EAR A,
TES ARG R, 7K P38 0ot 2 R 453 3
BN E P R B KT, WK PSR 2R
WS TR o TR AR G, S B il 2 A A
1 32 B0 1% 3= B2 T AFL % A
SERIRARATEL, T3 O ¥R 1E HAtN AR,
SRR R AR AT U U 1r) o U 2, 1T 5
RAAIBEAN =5 N M, thAbh, K578 2 5 0
BHEY BN AR . DLAEAD2F0 A H 2203544, 1E
BT, MR R I RR & B 2tk , T ANHLAN
JUEE P T o 2 UV A 38 0o R SR 1 ot ot 2 B e T
W BRI R CUnyh RS, KB iE 2
FHHSE AR, FE TR BFRWRE, £
TSN RAEI, KB R AR & &, Al

2 AIAT: 7= 8

BEXT ST AE 1) b Rl s E K BOAL AT, Utk
B CBHAT TiEZ 7. Zou ZUITEHZE 4~6 M1
HEAT HH TR) S K e A B, BRI SR Y P A A
AL AR R, AN [F)H 0 2 S T M TR
FEE BAAEZE S, NI R R U A 4
SRIKF) 50% LA b, e 52 1 bR AR B 10%.
Hussain 205 B, &R aIENRTEH], —EfRE
k3 v N SERS M B R N A P i R ]
K, Li &K, BnaPGIP2 W8t 3E 2% i 40 i
s i) M B A B v N S E B ST
it o 2Ry AN SR TR FH 55 PN W ZKCORA R[] RSS90 153 36 %)
HIE R R B AT S, RIS AE i )E,
MR, MACHIMR S HRAR T FE, RN bRE . AL
A RO B P R A R S PR AR, T AT
i, W (MDA) . HZEIR (Pro) & &I
AT (SOD) JEMEATF . EEMREISER A
WAk T7 AE SR DY — O AT B E R a A, K
PPN 5 4 SR . b e o R A R 2 T
f1 o Hare SE0OVEE SR AN [F] iH68 1Y) 6 Fh by
FHUKBNE 0. 100 20 F130d, KIAEREKBE S
7 4738 IF 20 G EE T EE 1 68 0 TR N T 1 %
M EERAR

AN ROSE T H 5 R i SRR e (0 % 5, 2R
B RHA B BN EH EAT WK i AL B S e,
B2 R 2N s A S e ol s> . BRI
MG TAEMAE KRB S8+ EE, Bk

HEHEHA: HEE, TR2AFHEREFTASHIEHASRL, E-mail: 89105004@qq.com

A ABAFEH, TBAFHEREH AL HEHEAF L, E-mail: xixi420.haha@163.com
AeRB: BRARREF LHKAZR D) b EAH AR (SCCXTD-2025-3) ; AT REMAFEFFALAE
ACAS B 2025-10-17; 14 B #: 2025-12-14; M H % B3 2026-02-04



M 232 #A M EE:

R SR PR A P A R R i 5 R 133

[ BRARCRE EL BRI P R, 1 0 e B B A
AN 5 38 SR, AT E R AR
JREPE R K. F T, AT 2 A uls A
(1 B 5 30 5 P 7K S A B e ST K T A K
AL BEARES A, T O R K a0 Ak B R i s ) 2E B
FEbR . B ROIRES K5 S AR SRR A b
JRVEARBOARAL 100 0 38 A L 5 4R A I TR
PESE 5E T S SO AT SR R vl SR 4 e AR
PRAR, JFHE IR 2 vl SRR SR e o B, A i R
B ST

I RS

1.1 #ilsrst
BEA KL S B 78 T A R 27 B i SR B A T AR
JIR YR 2 IR 1 T A RS TO (SR R 60
U, WELWILT R, B R, JHERNKEIAT
HEDUESR ) |, JEPEME A B 5 2 5 H A AN )38t
B S 21 i H APl (R, IR 1.
*= 1 ik

Table 1 Test material

w5 Rt (R w5 R (R
Code Variety (line) Code  Variety (line)
1 M417 (CV) 12 ZS9
2 ZS4///’ A2/B94076//F X 5 5 13 ZS6/W757
3 F219 14 T8
4 T8 15 R896-2
5 NY18 16 WY29
6 18C 17 ZS4/W757
7 7254 18 FCO03 (CV)
8 ZS11 19 130532-1
9 AGREV012 20 a1 5
10 D57 21 #0708 (CV)
11 AGREV012
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Table 2 Variance analysis of number of green leaves and
seedling height of 21 rapeseed varieties (lines) before flooding

F1H F-value
2 R HEE g e
Source of variation df Number of  Seedling
green leaves height
/K AL HE Flooding treatment 3 2.302 1.853
%} Material 20 2.411™ 3.894™
HEKALFR ) 60 0.310 0.522
Flooding treatmentxmaterial
%7 Error 84

“r FoREFIE P<0.01 2EFKFE, THE.
“**” indicates significant difference at P < 0.01 level, the same below.
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Table 3 Variance analysis of number of green leaves and
seedling height of 21 rapeseed varieties (lines) after flooding

F 1§ F-value
28 5 KR H S5 i
Source of variation df Number of  Seedling
green leaves height
Wi /KALFE Flooding treatment 2 9.974* 12.939**
kL Material 20 2.299* 2.731*
TEKALEE AR 40 0.542 0.414
Flooding treatmentxmaterial
%7 Error 63

F4 EKLEBEMHE. B55 CK EEHEMITELR

Table 4 Comparison of mean differences in number of green leaves and seedling height between flooding treatment and CK

ZR % Number of green leaves

T Seedling height

ﬁﬁﬁm R 391 I Sl R 3908 V(S e
(Control-treatment) mean  Treatment =~ Mean difference (Control-treatment) mean Treatment Mean difference
T3 0.919 T3-T2 0.516 1.739 T3-T2 1.748™
T2 0.406 T3-Tl 0.910" -0.009 T3-Tl 2.510"
Tl 0.010 T2-T1 0.397" -0.771 T2-Tl 0.761

“r FoR¥ERIk P<005 BEAE, FH.
“*” indicates significant difference at P < 0.05 level, the same below.
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Table 5 Agronomic traits at the maturity stage of 21 varieties (lines) in two test cycles

S 232 11

e FE MR — R R FHFKE — R R RO TR T ROA R
Treatment Test cvele Plant height Primary effective Main inflorescence ~ Number of primary Invalid pods in main
Y (cm) branch height (cm) length (cm) effective branches inflorescence
TO (CK) 1 73.5034+20.542 51.658+12.004 20.636+9.730 0.379+0.823 3.800+3.536
2 152.784+25.845 54.730+19.472 57.681£8.932 6.410+1.140 7.863+5.684
T1 1 80.952+14.288 54.098+10.769 24.771+7.655 0.467+0.795 3.993+2.576
2 142.906+27.475 49.815+19.225 55.2914£9.951 5.972+1.523 6.061+5.688
T2 1 70.279+17.362 50.153+12.198 19.729+7.158 0.139+0.228 4.023+2.728
2 138.369+26.673 43.163+16.680 56.008+10.628 6.060+1.313 6.357+£5.190
T3 1 67.752+20.096 46.324+11.371 21.404+11.801 0.251+0.552 4.436+3.631
2 128.920+22.014 36.526+15.216 53.220+10.775 5.954+1.676 6.832+4.467
N FAEF A B R — IR RO R B AR BB A AR
bS] AR .
Effective pods Number of pods Number of seeds Number of pods
Treatment Test cycle . .. .
in main inflorescence per primary branch per pod per plant
TO0 (CK) 1 19.314+9.457 2.478+6.932 13.816+4.069 21.019+14.361
2 68.932+19.045 257.756+£105.979 13.727+5.971 326.687+14.361
T1 1 23.15246.392 3.117+6.617 16.313+£2.556 26.195+11.141
2 64.548+16.998 202.609+85.321 13.924+5.413 299.119+113.963
T2 1 19.685+7.730 0.563+1.244 13.973+3.750 20.248+8.425
2 58.516+15.245 248.655+119.895 11.919+5.370 307.171+129.735
T3 1 18.704+8.881 2.110+5.323 14.402+3.403 20.263+12.378
2 51.271£19.225 247.254+168.329 12.822+7.727 20.281+12.439

Fo6 21 hERGM (R) @FERTHNE
Table 6 Economic yield and 1000-grain weight
of 21 varieties (lines) of rapeseed

2.4

K ALTE fE SR B IR

i 7 M2 8wl 4n, 21 4 H W %yl =2 5 Fb

(Z) M VEIRR DA, b & E A S &

Ab R gureE (g ThiE
Treatment Economic yield (g/plant) 1000-grain weight (g) E(ﬁ 7J( RNFH M— 7H' Fl i 7J( Q¥ 5 M— 7H' H {/]5 73—@ %‘[3 =
TO (CK) 149.885+68.782 3.491+0.569 fﬂ*&ﬁ%%ﬁ, HE{EHEZA@\ %Eiﬁ@ﬁ%ﬂiﬁﬁi@é 3 /I\‘Ti
T1 143.129+61.904 3.569+0.561
T3 107.316:47.155 3.376+0.606 IKAL PR IE] 20035 72 5, AEAMPRHE] SRR 2R
x7 21 fmmi (R) BmBRMER
Table 7 Quality traits of 21 rapeseed varieties (lines) %
Qb B k5 H Fin7 IRER EEpliEs HEHRSE YRR IR T AR
Treatment Testcycle Erucicacid Sulfur glycoside  Oil content ~ Protein content  Linolenic acid  Linoleic acid ~ Arachidonic acid
TO 1 0.294+0.580  36.554+12.045  43.779+£3.373  17.753£2.531 8.810+£2.107  18.035+1.908 3.676+2.135
2 0.738+0.423  29.032+6.202 42.896+3.977  24.193+£2.175 10.022+1.194  16.843+1.948 0.566+1.125
Tl 0.310+£0.529  31.125+11.523  42.414+£3.458  18.939+2.201 10.258+1.501  18.896+1.969 2.301+1.185
2 0.548+0.380  28.026+6.528 43.560+2.987  23.138+2.041 9.874+0.941  15.957+1.784 0.100+1.234
T2 1 0.232+0.455 33.913+11.791  43.675+£3.299  18.257+£2.097 9.391£1.987  18.446+1.871 2.894+1.617
2 0.694+0.378  29.883+7.206 42.326+3.047  23.707+£2.259 9.844+1.035  16.794+1.822 0.141£1.092
T3 1 0.243+0.529  35.553+£12.446  43.554+2.968 18.179+1.834 8.535£2.173  18.290+1.699 3.196+1.642
2 0.620+0.360  27.915+5.861 41.799+4.592  23.999+2.236 9.906+1.299  16.793+2.123 0.041+1.145

TR K AR R 22 7 0 2, FERDRHA] 22 57 4 5 %
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Table 8 Variance analysis of quality traits of 21 rapeseed varieties (lines) in two experimental cycles

g F {H F-value
AR HEEE AM grm mir guiE BARSE O WRR WmR R
Source of variation ar Test Erucic Sulfur Oil Protein Linolenic Linoleic  Arachidonic

cycle acid glycoside  content content acid acid acid
HEKALEE 3 1 0.754 2.257 7.997 8.248™ 8.489™ 5.565™ 8.386™
Flooding treatment 2 3763 2.936" 4161 4.491™ 0.280 8.748" 4.427"
Wkt 20 1 1.914" 4381"  33.253" 22.688" 4.118"  21.264" 6.290*"
Material 2 7.665  14.733™  11.813* 14.011* 15.581"  33.059" 17.935™
KA B A 60 1 0.890 0.871 1.415 1.620 0.883 1.127 1.143
Flooding treatmentxmaterial 2 2392 1.971" 2319 2.390" 2.019" 3.640™ 1.470
1% 7 Error 84

R9 12EEEM (R) AEAHAEKIE TERERNE

Table 9 Determination of physiological indicators of 12 varieties (lines) under waterlogging stress at germination stage

Qb PR A MEE A a3 Jif 2R puRER iYL e A BAEs A B
Treatment SP (ug/g) MDA (nmol/mg prot) Pro (U/g) POD (U/g) Cu-Zn SOD (U/g) T-SOD (U/g)

CK 1.732+0.439 0.132+0.055 1.062+0.718  575.103+136.912 645.564+80.982 843.571+91.819

24H 1.836+0.541 0.340+0.100 1.267+0.819  609.713+167.402 647.650+59.027 866.106+82.568

1L APR38R B AT E oy o b, By AT R STR RN 94.57%, AR P PR
DI RR AL . SUBRR M R or iR R 10, A7 &MERE.

R0 ERPEFHHEME. TTAERRRITTIBE

Table 10 Principal component factor eigenvalues, contribution rates, and cumulative contribution rates

F AT o DUHERE Rtk F AT iy DUHERE Rtk
N FRAE(E oo . g FRAEAE o .
Principal Eicenvalue Contribution Cumulative Principal Fienvalue Contribution Cumulative
component factor & rate (%) contribution rate (%) || component factor g rate (%) contribution rate (%)
PCl 3.90 3542 3542 PC7 0.46 421 94.57
PC2 2.05 18.67 54.09 PC8 0.28 2.56 97.12
PC3 1.64 14.88 68.98 PC9 0.17 1.51 98.63
PC4 1.11 10.06 79.04 PC10 0.10 0.94 99.57
PC5 0.65 5.95 84.99 PCl11 0.05 043 100.00

PC6 0.59 5.37 90.36

& 11 °J %0, PC1 Wh&Fr=8&. M. & fEs SR BRIV A &= o B PC3 R — Ik
MR PRE AR S LR PC2 . BE OB IR . S TR E S A RS
=11 EHSEFHEGSE

Table 11 Principal component factor eigenvector values

PR =E 4 K F Principal component factor

Trait PC1 PC2 PC3 PC4 PC5 PC6 PC7
%% Number of green leaves 0.3929 02128  -0.0759  -0.1498 0.0844 0.4908  —0.1435
T 7 Seedling height 0.2332 04287  -0.2843 0.0364 0.0457 0.2717 0.6460
¥k Plant height 0.3737 0.2555 0.0860 0.2959 02839  -03418  -0.1828
— A R A8 Number of primary effective branches  0.1794 0.2095 0.5243 0.3526  -0.5204 0.0418 -0.1179
A FR7 % Number of seeds per pod 0.2907  -0.4206  -0.2628 0.2647 0.0237 0.0953 -0.2795
& & Oil content 0.3874 0.0649 0.3521 -0.0780  -0.0237  -0.3491 0.2855
Z5 A i & & Protein content -0.3353 0.2889 0.3061 0.1071 0.0176 0.5179 -0.2268
VMR Linoleic acid -0.0636  -0.3242 0.4603 0.2619 0.6509 0.2025 0.2899
AR Arachidonic acid 0.1817  —0.5294 0.1504  -0.1017  -0.4251 0.2594 0.3360
25577 & Economic yield 04578  -0.1079  —0.0810 0.0537 0.0995 02434  —0.2684

i 1000-grain weight 0.1604 0.0141 0.3215 -0.7713 0.1537 -0.0031 -0.1864
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MRIE 150 144 8. 17, 11, 51105 SRR
YRR R B HEL AT 7 AL R 11, 18. 2.
17+ 6+ 5 F1 8; P PRtR P15 & s BUa HE 4 A
7 AIHIAMENE 19, 8. 154 11, 14, 5 Ml 4, Hript
BE8y 11, 17 M1 5 Bk B BUE R ZIHIR.
R PR RMER I E TR Y, R AR
NEREMITNIERE 77, PORL 2. 3. 1 F0 20 SRR R
BEAREHWIR, SRR, F2&2ERPET
JE A, 2R RE S5 . 3B TS A R K
SSRTFLEERS, 17, 11, 14, 15, 8. 5 M 18 £

xI12 BEMRRERYE. THIETFERAE

Table 12 Trait membership function values and principal component factor composite value

SR JE BRI HT MF analysis F S5 PCA
Code Average. EHF% Agronomic trait average . Quality trait average % Yield trait average HE% o . HE%
membership Ranking membership Ranking membership Ranking membership Ranking Comprehensive Ranking
value value value value value of PCA
8 0.701 1 0.804 3 0.550 7 0.743 2 2.825 5
11 0.650 2 0.579 5 0.779 1 0.569 4 5228 2
15 0.648 3 0.867 1 0.403 18 0.593 3 4.338 4
14 0.637 4 0.830 2 0.469 16 0.492 5 4.991 3
17 0.596 5 0.649 4 0.629 4 0.399 9 6.882 1
5 0.517 6 0.503 6 0.575 6 0.435 6 2.285 6
19 0.476 7 0312 17 0.538 8 0.763 1 -2.560 18
18 0.463 8 0.353 15 0.743 2 0.179 19 1.891 7
7 0.463 9 0.445 9 0.513 11 0.409 8 -0.519 9
10 0.454 10 0.462 7 0.526 9 0.290 13 -0.647 11
4 0.438 11 0.391 13 0.511 12 0.409 7 0.551 8
12 0.429 12 0.423 10 0.524 10 0.252 17 -2.112 15
21 0418 13 0.410 11 0.496 13 0.284 15 -2.177 16
6 0412 14 0.306 18 0.590 5 0.323 12 -1.149 12
16 0.405 15 0.447 8 0414 17 0.284 14 -1.387 14
2 0.402 16 0.269 20 0.655 3 0.227 18 -2.476 17
0.392 17 0.407 12 0.493 14 0.153 20 -0.631 10
13 0.352 18 0.238 21 0.477 15 0.386 10 -5.498 21
9 0.318 19 0.377 14 0.242 20 0.323 11 -4.458 20
1 0.300 20 0.287 19 0.335 19 0.265 16 -4.227 19
20 0.249 21 0315 16 0.230 21 0.119 21 -1.150 13
HIRT 7. EE .
L q
2.8 MRXMIH 3 e

AL A A B AR AR . AR RIS
A 7 B B it JoR AR SR A R ) T 9 2 Bk AT AR K
#r, 48R 1 fios, POD WEME 54U~ & 2 1E

A DT 53 1 s 0 A2 265 5 iR J5: Ak Jo % 90 ) L 2
FB, WBHEWREHENR. EKKEEZAITE

K, FHIRRECH 0.72; Cu-Zn SOD H5& 5= &
BIEFIE, MXAREN 0.63. 5REFH, B
S H Y 9 3 k3 I R 4 K Ak B ) POD
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Construction and Application of a Comprehensive Evaluation
System for Waterlogging Tolerance of Brassica napus L.

Yang Yuheng, Zan Xiaofei, Yu Qingqing, Dai Bingbing,
Zhou Menglin, Tian Lushen, Deng Wuming, Song Xi

(Nanchong Academy of Agricultural Sciences, Nanchong 637000, Sichuan, China)

Abstract A total of 21 Brassica napus L. varieties (lines) with obvious differences in waterlogging tolerance
were selected and subjected to waterlogging stress at the germination and seedling stages, respectively. By
determining physiological indices at the germination stage, seedling growth vigor, as well as yield and quality
traits at the maturity stage, a comprehensive evaluation system for waterlogging tolerance of B. napus L. was
established. Using this evaluation system, four varieties (lines) with strong waterlogging tolerance (NY 18, ZS11,
AGREV012, ZS4/W757) and two varieties (lines) with weak waterlogging tolerance (M417 (CV), ZS4///Nan
A2/B94076//Zhongshuang No.5) were identified. This study provides a reference for waterlogging-tolerant
germplasm screening, rape seed breeding improvement and research on waterlogging tolerance mechanistic.

Key words Brassica napus L.; Variety (line); Waterlogging tolerance; Identification system
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